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The exact cause of liver failure occurring after long standing biliary obstruction is not known.
Impairment of hepatic mitochondrial respiration was postulated in some studies. Sodium
thiosulphate (STS) is known to have a protective effect on liver function during administration of
hepatotoxic chemotherapy. In the present experimental study the effect oftreatment with STS in
the presence of obstructive jaundice was studied by determination of the survival rate of rats
subjected to biliary obstruction and by polarographic determination of the hepatic mitochon-
drial function. Treatment with STS was found to result in a significant improvement in rats’
survival rate (p < 0.05). Polarography demonstrated significant preservation of mitochondrial
respiratory capacity after treatment with STS. The results of the present study show that the
deterioration in liver function in the presence of biliary obstruction is probably caused by
impairment of mitochondrial respiration. This may be preserved by treatment with STS. The
exact explanation of its effect is not yet clear.
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INTRODUCTION MATERIAL AND METHODS
Development of hepatic failure in the presence of lon-
gstanding obstructive jaundice, its pathophysiology
and possible prevention still focuses the attention of
surgeons and other specialists. It is well accepted today
that biliary obstruction leads to a disturbance in liver
mitochondrial function 1-4. Sodium thiosulfate (STS) is
an antidote used in cyanide poisoning by converting
cyanide to inactive thiocyanate 5. Recently, it was
shown to have a protective effect on liver and renal
functions by simultaneous administration with cis-
platin6-9.
In the present study we investigated the effect ofSTS
administration on the survival rate and liver mitochon-
drial respiratory function in rats subjected to biliary
obstruction.
Animals: In all experiments male Wistar rats weighing
200-250 g were used. The rats were fed on water and
food ad libitum, before and after operation.
Operations: They were performed using ether anes-
thesia. Through a midline incision the bile duct was
identified and ligated with 3/0 silk. In approximately
10-15% of the rats accessory bile ducts were identified
and ligated. The abdomen was closed in layers using
4/0 DexonR. In the sham operated group opening and
closure of the abdominal cavity were performed. After
operation the rats were allocated to the following
groups:
Group 1: Sham operated rats (n 10);
Group 2: Bile duct ligation (BDL) (n 76);
Group 3: BDL + STS treatment (n 114).
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Only rats which developed progressive hyper-
bilirubinemia were analysed. Sodium thiosulfate was
administered intramuscularly in daily doses of 50
mg/kg, five times a week during two weeks. Adminis-
tration of STS started 14 days after BDL.
Mitochondrial Respiratory Function
Mitochondrial respiratory function assay was per-
formed in group 1 (n 10 rats), group 2 (n 12 rats)
and group 3 (n 34 rats)
6 four weeks after BDL or
sham operation.
The livers were removed and placed in ice cold
manitol-sucrose solution (0.225M manitol, 0.075
M sucrose). Mitochondria were fractioned by the
method of Hogeboom and Schneider1. Mitochon-
drial respiratory function was measured polarographi-
cally with the oxygen consumption meter at 20C
temperature2,11. The respiratory control ratio, respir-
atory stimulation adenosine diphosphate/oxygen ratio
(ADP/O), oxygen consumption rate of state 3 respir-
ation, oxygen consumption rate after stimulation with
dinitrophenol (DNP) were calculated from the
mitochondrial respiratory curve.
Statistical analysis was performed according to the
Students’ t-test.
rates in Group 3 were significantly higher during the
fourth to the tenth week after BDL as compared with
the group not treated with STS (Fig. 1).
Figure 2 illustrates schematically the mitochondrial
respiration curve in the various studied groups. Ad-
ministration of e-ketoglutarate as electron donor sub-
strate resulted in mitochondrial respiration and
reached a plateau in all 3 studied groups ($2). Activa-
tion of phosphorylation by ADP administration
caused a regulated respiratory stimulation in Group
1 and Group 3 which reached a plateau ($3) and
subsequently decreased to the prestimulation level ($4).
In contrast, the mitochondrial respiration of Group
2 following administration ofADP demonstrated only
a slight unregulated increase in mitochondrial respir-
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RESULTS
FollowingBDL progressive hyperbilirubinemia devel-
oped. The mortality began in Group 2 (BDL only) on
the third week after BDL and in Group 3 (BDL + STS
treatment) on the fourth week after BDL. Survival
Figure 2 Schematic presentation of mitochondrial respiratory
curves in the 3 studied groups. In contrast to group (sham
operation) and 3 (BDL + STS), group 2 (BDL) demonstrates loss
of regulation of mitochondrial respiratory function. Treatment
with STS preserves the regulation of the mitochondrial respiratory
function. S and S, rest periods of mitochondrial respiration;
S and S3=respiratory regulated plateau after stimulation;
-ktg alfa ketoglutarate; ADP adenosine diphosphate; DNP
dinitrophenol.
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Figure 1 Survival of rats subjected to BDL (group 2) and BDL + STS treatment (group 3). From the 4th to the 7th week post BDL survival
rate was significantly higher in group 3. From the 8th to the 10th week post BDL only rats treated with STS survived (*p < 0.05).FUNCTION IN BILIARY OBSTRUCTION 251
ation which did not reach a plateau and did not
decrease subsequently to the prestimulation level. Ad-
ministration of dinitrophenol (DNP), an uncoupler of
the oxidative phosphorylation (stimulates respiration
of the mitochondria, but prevents formation of ATP)
resulted in substantial stimulation of the mitochon-
drial respiration in Group 1 and 3, but not in Group 2.
The various calculated parameters of mitochondrial
respiration function are summarized in Table 1. It can
be clearly seen that treatment with STS preserved most
of the mitochondrial respiratory functions in rats sub-
jected to obstructive jaundice of 3-weeks duration.
DISCUSSION
The exact cause of liver failure occurring as a result of
longstanding biliary obstruction is not yet clearly
defined. Impaired mitochondrial respiratory function
was observed during obstructive jaundice 1’2’4, and in
other pathological states such as hemorrhagic and
endotoxin shock12-5. The defective mitochondrial
function is manifested by uncontrolled respiration or
uncoupling of the respiration from phosphorylation.
Koyama et al. found experimentally that relief of
biliary obstruction at an early stage resulted in gradual
improvement ofmitochondrial functioning although it
occurred more slowly than the improvement of the
standard liver function tests. Clinically in patients with
short-term biliary obstruction mitochondrial respir-
atory function was slightly impaired and showed
marked improvement after relief ofobstruction. On the
contrary, in patients with long-term obstruction, se-
vere mitochondrial respiratory dysfunction was evi-
dent which improved only slightly, 5-6 weeks after
surgical release of the obstruction. According to the
investigations of Koyama et al.’2 the mitochondrial
damage in obstructivejaundice is nonspecific and may
be attributed to high level of bile acid, especially che-
nodeoxycholic acid (CDCA). Zetterstrom and Ernster4
postulated that uncoupling of oxidative phosphoryla-
tion is caused by bilirubin.
In our experimental study, impairment of liver
mitochondrial function was demonstrated in biliary
obstruction. In contrast to other reports concerning
mitochondrial respiration in the presence of obstruc-
tivejaundice’2’4, our study demonstrates loss of regu-
lation of mitochondrial respiration.
In recent publications, STS has been shown to be
effective against cisplatinum toxicity. During adminis-
tration of cisplatinum in combination with STS either
parenterally or infused directly into the hepatic artery,
effective protection against cisplatinum hepatic and
renal toxicity was achieved6-9. These reports warrant
the hypothesis that STS might have a beneficial effect on
liver mitochondrial function during biliary obstruction.
The results of our study indicate that STS treatment
increased significantly the survival rate of rats subjec-
ted to biliary obstruction. Liver mitochondrial func-
tion in the group treated with STS was mostly
preserved due to regulation of mitochondrial respir-
ation. Polarographic determination of these functions
in the different studied groups was performed only
once, four weeks after biliary obstruction, because the
main goal of this study was the conceptual determina-
tion ofthe effect of STS. In future studies we shall try to
determine the exact duration of the period in which
STS is effective.
Table 1 Various mitochondrial respiratory parameters in the 3 studied groups
Parameters* Group Group 2 Group 3
Respiratory control
Respiratory stimulation
Oxygen consumption rate
in S (n atoms 02/min)
ADP/O
Oxygen consumption
rate with sueinate+
glutamate + DNP
Oxygen consumption
rate with succinate +
DNP
2.60 _
0.10 1.00 _+0.08 + 1.87 _+ 0.11 + +
3.13 0- 0.21 2.23 -+ 0.29 + 2.69 -+ 0.20+ +
78.30 -+ 3.35 48.90 _+ 4.65 + 69.40 _+ 6.12 + +
1.98 + 0.10 -** 1.99 -+ 0.09 +
100.800- 8.7 51.60-+ 9.37 + 93.30_+ 9.51 +
100.30_+9.92 39.70_+ 10.81 + 91.100-8.34++
* Values are mean 0- S. D.; DNP dinitrophenol; ** Value impossible to calculate because
of the lack of regulation;
+ p <0.01 group 2 vs group 1;
+/ p <0.01 group 3 vs group 2.252 B. MYSLOVATY et al.
We could not yet give an exact explanation for the
observed beneficial effect ofSTS. Possible explanations
are: 1. Inhibitory effect of STS on bile acids and/ or
bilirubin which may be responsible for suppression of
liver mitochondrial function; 2. Stimulatory effect of
STS on enzymatic processes which are involved in
mitochondrial respiration. Although the results ob-
tained in our study are promising, additional experi-
mental and clinical investigations are needed for the
determination of the exact role of STS in patients
suffering from biliary obstruction. STS might be pro-
ved in the future to be effective in the extension of the
biliary obstruction period after which complete recov-
ery of liver dysfunction could be obtained.
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